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Abstract 
 
Networks are popular models for representing interactions between entities in systems, 
such as in sociology, bioinformatics, and epidemiology. The entities in the networks are 
represented as vertices and their pair-wise interactions are represented as edges [1]. Many 
network metrics such as degree centrality (number of connections of an entity) and 
betweenness centrality (number of shortest paths passing through the entity) have been 
developed to rank the entities according to their importance [7] [10].Social networks are 
generally modeled on only one type of relation. Groups are open-ended, which means the 
number of participants and the time frame are not finite. Time frame may not cover 
significant events and their effect. How would the analysis change if we modeled the 
interactions and relationships of a closed group, over significant incidents? It is difficult 
to obtain real life data, because of the time commitment and privacy constraints. The next 
best option: Analyze fiction, which would give an indication of social relations [15].In 
this thesis, we study the effectiveness of these metrics in closed-form social 
interactions—particularly in the context of Shakespeare’s dramas [2] [18]. In plays the 
dialogues amongst characters are very precise to express the gist of their interactions in a 
short time frame. We are interested in understanding how this sort of interaction differs in 
  
a qualitative sense from the interactions seen in social media such as Facebook and 
Twitter. Our observations show that the popular network metrics are not always 
successful in correctly identifying the lead characters of the play and we propose a new 
method of creating two different types of networks from each play by using different 
criterion. Also the third type of network model, the Time Series Analysis considers the 
important characters of each play and filters edge lists based on them. Here the 
occurrence/influence of the important characters is examined from scene to scene and in 
turn from act to act from beginning to the end of each play we considered.
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Chapter 1 
Introduction 
Data is complex to analyze. In order to advance and observe the data in a keen 
manner, it should be represented in an organized format. One of the popular ways to 
represent data is in the form of networks, where entities are considered as vertices and the 
relationships constitute edges (for example, Social Networks, Biological networks) [1]. 
However raw data needs to be processed, cleaned and modelled in order to represent the 
desired data as a network. In this Thesis, we emphasize on Shakespeare’s Plays which are 
best examples of complex unstructured data, because the text in the play is not organized 
and doesn’t follow a certain pattern. They are a large collection of data where 
understanding them becomes a complex task. As the data is unfiltered, initially we need 
to figure what aspects in the data should be considered in order to model the network and 
analyze it. Hence, we do the data filtering based on the list of characters/people and their 
roles in the play. 
Plays, stories can be represented as networks [3]. The list of people in a play can 
be modeled as vertices and communication/role as edges in the network [1]. The reason 
we considered plays is, they are a closed group of characters with finite amount of 
conversation, and the plays are available in text online. 
Apart from this, if we consider a social network for example, Facebook or Twitter 
it is more of a personal conversation/messages between people where the privacy 
constraint comes into picture.  Social network’s data change from time to time which is 
difficult to track and verify. 
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 Several researchers have applied graph theory on social networks, where they are 
concentrated on a particular event or time frame. For example, Twitter analysis is based 
on the hash tags and is done based on an important event or person (for example fifa2014 
or Obama) [15]. As a result they cannot track the whole story as it doesn’t have accurate 
information as everybody tweets in their own way and different languages. It becomes 
very complex. 
 In this thesis, we considered a set of Shakespeare’s plays, represent them in the 
form of networks and analyze them. 
 We study the effectiveness of different network metrics like closeness centrality, 
betweenness centrality, eigenvector centrality (which we discuss later) in closed-form 
social interactions. In Shakespeare’s plays the dialogues between characters are very 
precise to express the gist of their interactions in a short time frame [18]. For example, a 
complete play will last for three to four hours when performed. We are interested in 
understanding how this sort of interaction differs in a qualitative sense from the 
interactions seen in social media such as Facebook and Twitter. 
 A network is called a directed network when the edges between the nodes have 
arcs which denote the direction of flow. Undirected networks are which doesn’t have any 
arcs to edges and an edge is considered as bi-directional always. 
 We design three different types of networks 1) Interaction networks, connect two 
characters when they appear in the same scene and the edge weight is the number of lines 
spoken. These are undirected networks. 2) Mentioning networks connect two characters 
if one is mentioned by the other. Edge weight is the number of mentions. These are 
directed networks. 3) Mentioning with relationships, connect two characters, character 
3 
 
 
with a relationship (For example Father, Mother, Brother) when the character mentions 
the other character with name or the relationship. Edge weight is the number of mentions 
and the network is directed. 
 After the networks are designed we visualize them using a network visualizing 
tool Cytoscape [5]. Further metrics are computed for both interaction and mentioning 
networks considering the list of important characters/people in each play using Gephi [6]. 
Then we examine the occurrence of important characters in each scene and their 
role in the play as we go scene by scene; by this we can find the role and influence of the 
important characters in the play, which we termed as Time Series Analysis. 
In this thesis we concentrated on women centric/heroine oriented plays. The 
reason is, when we consider woman centric plays, the results show up differently than 
expected which we show as the difference between the two models interaction and 
mentioning. 
For the important characters in a play, as Shakespeare's plays are very well known 
we know the important characters like hero, heroine. There are multiple websites (One of 
the website: http://www.sparknotes.com/shakespeare/)which list the important characters 
of each play. 
1.1 Contribution 
 We have collected open-source formatted text from MIT’s website [18].Filtered 
the plays based on the ACT’s and SCENE’s. 
 Research on different ways of creating multiple networks using single dataset. 
 We have designed and implemented algorithms for extracting both interaction 
networks and mentioning networks from each play considered. 
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 Visualization and computation of different metrics for the networks generated. 
 Worked on creating networks based on different criteria which are named as 
Character by Character and Full Scene. 
In Character by Character criteria, when a character talks we consider that he/she is 
talking to the immediate next character that is going to appear in the scene. 
In Full Scene criteria, when a character talks we consider he/she is talking to all the 
characters present in the whole scene. 
 We have created a web tool which is used to read the plays and create edge 
lists/networks for both interaction and mentioning. 
1.2 Outline of Thesis 
The thesis is organized as follows. In Chapter 2, we discuss about the background 
of networks and graphs and brief our application. In Chapter 3, we discuss the 
implementation details like creation of model, data extraction, how to create 
relationships, issues and static analysis [15]. In Chapter 4, we discuss implementation of 
Time series analysis/links. In Chapter 5, we talk about the web tool and its working. In 
Chapter 6, we conclude our thesis and discuss about the present potential ideas about the 
future research. Chapter 7 is the appendix where we have all the results from the Gephi 
analysis and Cytoscape.  
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Chapter 2 
Background 
A real-world dataset can be easily analyzed by representing it in the form of a 
graph/network (for example Social Network). A graph can be defined as the collection of 
objects which are identified as vertices/nodes connected with links which are termed as 
edges in the graph theory. A graph is a set of vertices connected by edges [1]. Graphs are 
extensively used in the field of mathematics and computer science. For example in social 
network analysis, people are considered as vertices and communication between them is 
represented as an edge. We consider multiple network properties/metrics in order to 
analyze the graphs. The properties are classified into two categories a) vertex based 
properties and b) network based properties.  
2.1 Graph Terminology 
A graph is collection of vertices and edges. Formally, G = (V, E) consists of set of 
vertices V and edges E, where E is subset of (V x V). There are two types of graphs i) 
directed and ii) undirected. A graph is directed if edges point in one direction from one 
vertex to another vertex, otherwise a graph is undirected. 
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Figure 1: 2.1 Undirected Graph 
 
2.2 Graph Properties 
2.2.1 Vertex Based Properties 
 Vertex based properties are defined per vertex of the network. Some of them are 
2.2.1.1 Degree 
 The degree of a vertex in a graph is the number of edges the vertex shares with 
the other vertices [7]. The degree of vertex v is denoted as deg(v). In figure 2.1, degree of 
vertices are deg(V1) = 2; deg(V2) = 2 ; deg(V3) = 4 ; deg(V4) = 1 ; deg(V5) = 3 ; 
deg(V6) = 3 ; deg(V7) = 2 ; deg(V8) = 3. 
2.2.1.2 Betweenness Centrality 
 Most of the shortest paths in a network go through the vertices with the high 
betweenness centrality [8]. Therefore, these become more the central point controlling 
the communication. Betweenness Centrality of a vertex v is calculated as sum of the ratio 
of the number of shortest paths in the graph include vertex v to the total number of 
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shortest paths in the graph. The betweenness centrality BC (v) of a vertex v ∈ V is the 
sum over all pairs of vertices u, w ∈ V, of the fraction of shortest paths between u and w 
that pass through v 
𝐵𝐶(𝑣) = ∑  
σ𝑢 𝑤(v)
σ𝑢 𝑤
𝑢,𝑤 ∈V
𝑢 ≠𝑤 ≠𝑣
 
Whereσ𝑢 𝑤(v) denotes the total number of shortest paths between u and w that pass 
through vertex v and σ𝑢 𝑤 denotes the total number of shortest paths between u and w. 
2.2.1.3 Eigenvector Centrality 
 Eigenvector centrality measures the importance and influence of a node on others 
in the network. Vertices with high Eigenvector scores have many connections and their 
connections have many connections [7]. 
2.2.1.4 In degree 
 In a directed network, the number of edges coming into a vertex is defined as its 
in-degree [9]. 
2.2.1.5 Out degree 
 In a directed network, the number of edges travelling away from a vertex is 
defined as its out-degree [9]. 
2.2.1.6 Page Rank 
 Page rank is a measure used to determine the importance of a node/vertex. It is 
computed by a rough estimate of how many edges traverse from or to the vertex. Page 
rank is calculated based on the in-degree and out-degree of a vertex. Google uses Page 
Rank algorithm to rank the websites [9]. 
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2.2.2 Network Based Properties 
Network based properties are defined over entire network. Some of them are 
following 
2.2.2.1 Vertices 
 The total number of vertices in a graph. There are a total of eight vertices in the 
graph from Figure 2.1. 
2.2.2.2 Edges 
 The total number of edges in a graph. There are a total of 10 edges in the graph 
from Figure 2.1. 
2.2.2.3 Degree Distribution 
 Degree distribution is the distribution of the different degrees (and their 
frequency) of the vertices over the network. Most scale free networks like social 
networks observe a power law distribution that is there exist many vertices with low 
degree and the number of vertices exponentially goes down as the degree increases [9]. 
2.3 Brief Outline of Our Project 
 The larger the data, the more complex it is to analyze it. Most real-world data can 
be represented as a network. Several researchers applied graph theory in studying social 
networks. In our application we tend to produce two different edge lists from each play 
applying different criterion for single data set. The reason we create different data 
network models is it facilitates in examining the datasets in multiple perspectives than in 
a single way. 
 When we consider plays it’s a fun social network analysis as it is a real story. For 
example, most interesting plays/stories like Game of Thrones, Star Trek and 
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Shakespeare’s plays are different types of plays/stories in which people are more 
interested. 
2.3.1. About William Shakespeare 
 William Shakespeare was born in Stratford-upon-Avon, UK, on April 23, 
1564.William Shakespeare is a mysterious figure with regards to personal history. 
William Shakespeare's plays have great reputation in the English language and in 
Western literature. Traditionally, the 37 plays are divided into the genres of tragedy, 
history, comedy and tragic comedy; all the plays are translated into every major language 
and are performed around the world [19]. 
 Shakespeare’s plays are one of the most extensively followed dramas around the 
globe, and hence, we can validate our results/outcome easily. There are many plays that 
can be researched which can confirm some fixed pattern of our results. Shakespeare’s 
plays are classified into acts which in turn are classified into scenes [17]. This helps us 
not only perform static analysis but also the dynamic which change from scene to scene. 
With the help of acts and scenes we can track the important events, characters and 
influences in the play. 
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Chapter 3 
Implementation and Data Collection 
3.1 Introduction 
 Shakespeare’s plays are in an organized format in the MIT’s website which is the 
web’s first edition of complete works of William Shakespeare [18]. Each play is divided 
into ACTs and in turn each act is collection of multiple number of SCENEs. Each act and 
scene has multiple characters/people entering and exiting based on their role. Each 
character has a dialogue which is represented in text. Each play follows the same format 
where each scene has a description of the location where the scene is taking place (for 
example, the room in the palace, the forest ect.), and each person’s/character’s name is 
mentioned followed by their respective dialogues. 
 Understanding the data is an important task. However, due to large amount of 
data it is difficult to summarize it. Hence, we use the concept of networks. In order to 
understand the network evolution we account multiple network metrics. 
 We are interested in who is talking with whom and how long is the conversation 
between them, and how the important people are influencing the play. In the 
methodology section, we will concentrate on different network metrics. 
 Choosing datasets had been a complex task for us to perform this 
research/analysis. We have researched with different sources; went through multiple 
websites, scripts and books; and finally chose plays as appropriate resource as the 
compatible data sets. 
 Looking at the plays in a network perspective is probably new. It’s difficult to 
find sources to refer and educate ourselves to go forward in the research. 
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 Coming to Plays the main drawback is they are written in an older English 
language. Our main motto is to analyze the plays easily without reading through them 
completely. As MIT’s website is the only source where we can find the complete works 
of Shakespeare we have to use those for the research. 
 In Shakespeare’s plays, there are multiple issues which are tough to analyze. For 
example, there are keywords like ENTER and EXIT in the plays which are used to 
indicate the entry and exit of characters to/from the scenes and acts [17]. These are 
difficult to track. 
 Continuity in plays is one of the major difficulties faced in the analysis of plays. 
There will be characters coming in and going out from the plays. It’s very difficult to 
track who are talking to whom. Hence, we assumed two different scenarios here. 
1) Character by Character: Considering a character is speaking to the one who 
appears immediately after him/her in the play. 
2) Full Scene: A character is talking to all the other characters present in the scene.  
3.2 Methodology 
 We concentrated mainly on women centric tragedies and comedy plays. The list 
of plays considered are As You Like It, Hamlet, Julius Caesar, King Lear, Macbeth, The 
Merchant of Venice, Much Ado About Nothing, Othello, Romeo and Juliet, Taming of the 
Shrew, The Tempest, Twelfth Night. 
 The reason we considered mostly women centric plays, which are Comedies and 
Tragedies is as the plays are written in ancient times where the importance of a character 
cannot be assessed by the frequency of talk. For example, even though the queen is very 
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important, she doesn’t have considerable dialogue or much talking as her message will be 
passed to people most of the times by a clown or court men. 
 There are hero/heroine/villain/hidden people and we can categorize people easily. 
We used two different criterions to extract three different types of networks from each 
play considered. They are 1) Interaction and 2) Mentioning. Interaction is the 
communication between people in the scene, and mentioning is tracked based on the 
occurrence of a character’s name in others dialogues. Based on this criterion we extracted 
two different types of networks namely 1) Interaction networks – in which we connect 
two characters if they appear in the same scene. Edge weight is the number of lines 
spoken. This is an undirected network. 2) Mentioning networks – is when we connect two 
characters if one is mentioned by the other. Edge weight is the number of mentions. This 
is a directed network. 
 The important characters in the play are assessed from the following sources 
1) Wikipedia – Where the important/top characters in the play are listed. 
2) Traditionally there are certain people who perform important roles, when the play 
is performed by which important characters are known. 
3.2.1 Issues 
 There are many challenges faced in order to collect the data and perform data 
mining. Here are some 
Challenge 1: The issue is with the Mentioning where characters/people are not always 
mentioned with their names but will be mentioned by relationship or role or a pronoun 
(for example mother, father and clown). In fact they are mentioned indirectly most of the 
times than directly by their name. 
13 
 
 
Solution 1: As the pronouns are difficult to track and map with the actual characters, we 
came up with a third type of network where we account for a particular list of 
relationships for each play (the list of relationships considered are different for each play) 
and extract a new network which is the third from a single data set. Mentioning with 
Relationships, the third – in which we consider the relationships (for example mother, 
father) with which the characters/people are mentioned and we connect character with 
relationship when they mention. This way we are able to account most of the mentions 
into our network excluding the pronouns. Edge weight is the number of mentions. This is 
a directed network. 
Challenge 2: Names of the characters have multiple spellings. For example Katharina in 
Taming of the Shrew is spelled in two different ways “Katharina” and “Katarina.” 
Solution 2: It is difficult to track the name. As of now it is a very rare case we went in 
manually and changed the spelling to a single word. 
Challenge 3: Characters are mentioned with surnames. For example, Lady Macbeth is 
mentioned as Macbeth and hence it is a confusion of whether it is addressing Macbeth or 
Lady Macbeth. 
Solution 3:  It is really a critical issue, which is solved only when we walk through the 
whole play. For time being we left this issue and assumed that Macbeth is the one who is 
mentioned when we find the word “Macbeth” in somebody’s dialogue. 
Challenge 4: Words like page and prologue appears in the play as a character name. 
Solution 4:    The way we read the play is hierarchical. We assume Each ACT contains 
Scene’s and each scene has characters talking. So, here we coded such that we maintain a 
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list of exceptional words where these types of words (page, prologue) are not considered 
as a character name and are ignored. 
Challenge 5: Sometimes there is grammar mentioned along with the name which is 
difficult to track. For example in As You Like It lord is mentioned as ‘A Lord.’ 
Solution 5: In this case we combine the grammar with the word and consider it as a 
single word. A Lord is combined and considered as “ALord.” 
3.2.2 Network Analysis and Visualization: 
 Network analysis is done on the combined edge lists (without considering the 
ACT and SCENE division). 
3.2.2.1 Cytoscape: 
 Cytoscape is an online open source tool which is used to visualize the networks 
and integrating these networks with annotations, gene expression profiles and other state 
data [5]. Although Cytoscape was originally designed for biological research, it is now a 
general platform for complex network analysis and visualization [5]. 
 Cytoscape is used to perform network analysis and further the network is 
visualized by mapping the node color to the network metric Betweenness Centrality [9] – 
Connecting nearly non-interacting groups of characters. The node size is mapped to 
Degree Centrality [9] –The number of different characters that share the scene. 
 The more red the node is indicates higher Betweenness Centrality. The larger the 
node, the higher the degree is. 
 The below are some of the sample pictures which display the Cytoscape 
visualization. 
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Figure 2: 3.1 As you like it - Interaction 
 
 
Figure 3: 3.2 Hamlet - Interaction 
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Figure 4: 3.3 As you like it - Mentioning 
 
 
Figure 5: 3.4 Hamlet - Mentioning 
 
3.2.2.2 Gephi: 
 Gephi is an online open source tool [6]. Gephi is an exploration platform for all 
kinds of networks and complex systems, dynamic and hierarchical graphs [6]. 
 Using Gephi – Network analyzing tool [6] we computed the metrics Degree, 
Closeness Centrality, Betweenness Centrality and Eigenvector Centrality for interaction 
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network considering the important list of characters in each play. In-degree, out-degree 
and PageRank for mentioning network considering the list of important characters/people 
in each play. After we get the metric values using Gephi, the characters list is ranked 
based on the values of each metric and in turn collective average rank is calculated [14]. 
 Initially the edge lists are imported into a Microsoft Excel sheet where the edges 
list is categorized into SOURCE, TARGET and WEIGHT as shown in the table below. 
Table 1:3.1 Edge List 
 
 Further edge lists are imported into Gephi, and network analysis is performed by 
running different metrics as mentioned earlier. 
 Here the list of people who came up based on the ranking are different from the 
people who are expected as we are aware of the play and important/unimportant 
characters in them. Now we consider the list of people who are heroes/heroines and 
villain in the plays and find their rankings and create a time-series analysis. 
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Different Formulas used to perform Gephi analysis are: 
3.2.2.2.1 Rank: 
RANK (number, ref, [order]) 
Number: The number whose rank you want to find. 
Ref: An array of or a reference to a list of numbers. Nonnumeric values in ref are ignored. 
Order: A number specifying how to rank Number. It has two values either 0 or 1. 
If 0, the rank is ordered in descending order. 
If 1, the rank is ordered in ascending order. 
3.2.2.2.2 Average: 
AVERAGE (number1, [number2]...) 
Number1: Required. The first number, cell reference, or range for which you want the 
average. 
Number2: Optional. Additional numbers, cell references or ranges for which you want 
the average, up to a maximum of 255. 
3.2.2.2.3 Sort: 
A custom sort is performed based on the Average Rank where the whole table is sorted 
based on the descending order of the Average Rank. 
A sample Gephi result is as follows: 
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Table 2: 3.2 As you like it – Interaction 
 
Table 3: 3.3 Take away’s from Gephi Analysis 
As you like 
it 
Interaction Mentioning 
Characters Degree Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Orlando High High Low High High High High 
Rosalind High High Low High High High High 
Celia High Low Low High High Low High 
Touch 
Stone 
High High Low High High High High 
Oliver High Low Low High Low High High 
Jaques High High High High High Low High 
Hamlet Interaction Mentioning 
Characters Degree Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Queen 
Gertrude 
High Low Low High Low High Low 
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Hamlet High Low Low High High High High 
Horatio High High Low High Low High High 
King 
Claudius 
High Low Low High High High High 
Laertes High Low Low High High Low High 
Bernardo Low Low High Low Low Low Low 
 
A character is marked as High if the value of the particular metric is greater than 
or equal to the half of the highest value of that metric in the table and Low otherwise. 
From the above analysis, we can observe that Jaques from As you like it appear 
high in Degree, Betweenness Centrality, Closeness Centrality and Eigenvector Centrality 
and Horatio from Hamlet appears high in Degree, Betweenness and Eigenvector 
Centrality in interaction. 
In case of mentioning, Orlando, Rosalind from As you like it and Hamlet appear 
high in in degree, out degree and page rank. 
From this analysis, interaction shows social structure and mentioning shows the 
story structure. 
The Gephi summary for the rest of the plays can be found in the appendix section. 
Table 4:3.4 Summery of Important Characters- Gephi Analysis 
List Of Plays Interaction Mentioning Summary 
As You Like It Rosalind, Celia Rosalind Romantic, Imbalanced 
Hamlet Queen Gertrude -- Action, Balanced 
Julius Caesar -- -- Action, Imbalanced 
King Lear Goneril Goneril Action, imbalanced 
Macbeth Lady Macbeth -- Action, Balanced 
Merchant of Venice Portia Portia Action & Romantic, Balanced 
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Much Ado About Nothing -- -- Romantic, Balanced 
Othello Desdemona Desdemona Action & romantic, Balanced 
Romeo Juliet -- -- Romantic, Balanced, 
Nurse appears highly ranked in 
mentioning as she serves as a 
proxy to Juliet.  
Taming of the Shrew Katharina -- Action & Romantic, Balanced 
Tempest -- -- Romantic, Balanced 
Twelfth Night Viola Olivia, Viola Romantic, Balanced 
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Chapter 4 
Time Series Analysis 
 This is a further step after creation of networks in our analysis. In time series 
analysis the list of five to ten important characters in the play are considered based on the 
analysis using Gephi. Based on the list, the respective edge pairs are extracted from the 
existing network/edge lists. Time series analysis is performed between scenes of the play 
considered. 
 Based on the important characters considered, the initial edge lists are filtered 
such that the resulting edge lists contain only the important characters. This extraction is 
done in both interaction and mentioning. These extracted edge lists have the ACT and 
SCENE division between them. 
 Later the extracted edge lists are considered and observed in the scene to scene 
fashion and as a result the roles of important characters are monitored from the start to 
the end of the play. 
 Time Series analysis is conducted on all the twelve comedy/tragedy plays we 
chose. Pictorial representation and description about the time series analysis for a play is 
as follows. 
4.1 Hamlet 
There are total of 5 ACT’s the play. 
4.1.1 Interaction 
 The list of important characters considered for the time series analysis for the play 
Hamlet – interaction edge list are 
1) HORATIO 
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2) KINGCLAUDIUS 
3) LORDPOLONIUS 
4) HAMLET 
5) QUEENGERTRUDE 
Figure 6: 4.1 Hamlet Interaction- ACT I 
 
 
Figure 7: 4.2 Hamlet Interaction - ACT II 
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Figure 8: 4.3 Hamlet Interaction - ACT III 
 
Figure 9: 4.4 Hamlet Interaction - ACT IV 
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Figure 10: 4.5 Hamlet Interaction - ACT V 
 
 
 Time series analysis is performed on As You Like It and Hamlet. From the above 
pictures for Hamlet- Interaction we can conclude that, each act has a gathering (closed 
figure) where important people talk. Also when we observe the above pictures, we can 
confirm that the important characters talk frequently. 
 For example, Ophelia, Lord Polonius, King Claudius, Hamlet and Queen Gertrude 
talk more when we observe each act. 
 Time series analysis is where we consider a set of important characters and 
monitor their influence on the play scene by scene. When interaction and mentioning 
models are considered we show multiple pairs of people appear frequently, where as in 
time series analysis we confine the list of people to the top five to 10 characters and 
monitor their role throughout the play. 
For example, when the play "Hamlet" is considered we can see that King 
Claudius and Queen Gertrude appears in 7 scenes out of 15 which is significant. When 
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we consider time-series, the analysis is confined to a maximum of 15 scenes for any play. 
When we consider entire play we only know how many lines they are interacting. But, 
not the number of times they are coming together. 
For example, when we consider Romeo Juliet, we know that Romeo and Juliet 
talk much when they meet. But, they don't meet frequently. In fact, Juliet talks to nurse 
more when compared to Romeo. 
 
The time series analysis for As you like it can be found in the appendix section. 
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Chapter 5 
Software 
5.1 Introduction: 
 For the user to extract the edge lists from the plays in a hassle free manner, we 
have developed a web tool which reads the plays and outputs the multiple types of edge 
lists with a single click. For the web tool developed, the plays can be read either from the 
file which is saved in html format in the local machine or directly from the website by 
providing the link. The different types of edge lists that can be extracted using this 
webpage are 1) Interaction with ACT and SCENE, the output consists of interaction edge 
lists separated with acts and scenes 2) Interaction, this consists of the combined 
interaction of pairs of characters appearing in the whole play. 3) Mentioning with ACT 
and SCENE, the output consists of mentioning edge lists which are separated with acts 
and scene’s 4) Mentioning, the output consists of the mentioning counts of the pairs of 
characters combined throughout the play. The Mentioning edge lists along with the 
relationships can also be retrieved by reading a file containing the list of relationships 
into the additional textbox provided.  
 
 
 
 
 
 
 
28 
 
 
5.2 Screens 
  The screenshots of the software are below which explains the process step by 
step. 
5.2.1 Home Page 
Home page consists of three buttons Home, Login, Contact us and Documentation 
 
5.2.2 Login Page 
We can navigate to below screen by clicking the Login button. 
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 Here in this page, the users are supposed to provide login credentials to proceed 
further. 
After the user is able to login successfully, they are directed to the page below.
 
 In this page they see three links which says reading plays from web, reading plays 
from file and log out. By Clicking the read & Process play (Internet) or Read & Process 
play (From File) link. They will be navigated to the page where they actually can select 
the play either from web or local machine. 
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5.2.3 Read Plays from Internet 
The below screen is reading the plays from internet 
 
 Here, in this screen we are able to enter the URL of the play we want to process 
and get the output. Then a radio button which is used to select between the Full Scene 
and Character by character edge lists of interaction and mentioning. Here the 
relationships field is not mandatory field. 
 The Relationships text field is used to read the file consisting of a list of 
relationships and pronouns which are included in the mentioning edge lists. On providing 
the link, selecting the radio button and clicking the submit button the control is directed 
to the page below. 
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5.2.4 Results Page 
 
 Here the four buttons upon clicking give four different types of edge lists as 
explained earlier. Here the edge lists are displayed on the screen as well as saved in a text 
file in the background. For example if the play is As You Like It and an Interaction with 
Act and Scene is the type of edge network and full scene is selected then the saved text 
file name will be “asyoulikeit_Interaction with ACT and Scene_FullScene.” 
 The output which is shown on the screen is in tabular form.  
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5.2.5 Results 
 For example, when the link for the As you like it play is provided and the submit 
button is clicked, the control goes to the next page where you click the Interaction with 
ACT and SCENE button. An Image of the output is as follows. 
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5.2.6 Read Play from File 
 A screenshot of the Read and Process play (from file) follows. With two fields 
where we can read the html format of the play saved in the local machine and the 
relationships text file upon clicking the submit button will redirect to the results page. 
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5.2.7 Documentation 
 This page has all the information about the functionality of the webtool. 
 
 
 
 
 
 
 
 
 
 
 
 
35 
 
 
Chapter 6 
Conclusion and Future Work 
In this thesis we have analyzed Shakespeare plays in multiple network 
perspectives. Our question is, can we find the important characters of plays based on 
networks? And the answer is yes. Our different methods show different results based on 
the analysis we did. For example, interaction edge lists shows the social context [11] [12] 
where the women are less important and the messengers have high betweenness 
centrality, whereas the mentioning networks show the plot context. The important 
characters are mentioned often, socially peripheral people are mentioned less often, and 
female protagonist get high mentioning in romantic plots [16].  
As we created multiple networks from single data sets, they provide more 
accurate information about what a social network is and have more scope to examine 
multiple characteristics. More interaction is not a necessary characteristic to calculate 
importance. Distribution of interaction and importance shows patterns of social relations.   
Further, we created a new model called time-series analysis where the plays are 
broken down and the influence of important characters on the plot is studied. Therefore 
we are able to examine their behavior from the beginning towards the end of the play.  
Multiple tools (namely Gephi and Cytoscape) are used to picture the networks 
both pictographically and in tabular forms by mapping the edge lists to multiple network 
metrics.  
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Finally, we found the plays have multiple underlying characteristics which cannot 
be found just by seeing them as a reader, we found them by plotting networks from plays 
[16]. 
In the future, we would like to research a new metric which can incorporate the 
pronouns/second names of the characters and also extend the research on different forms 
of data sets like movie scripts [13] and dynamic data sets which show change in the 
world/society with time such as twitter data and real life conversations. Hence it could be 
useful for legal findings and entertainment purposes.  
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Chapter 7 
Appendix 
 Following are the tables of data in the Gephi Analysis 
7.1 Interaction 
Table 5: 7.1.1 As you Like it Interaction 
 
 
 
 
 
 
 
 
 
 
 
38 
 
 
Table 6: 7.1.2 Hamlet Interaction 
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Table 7: 7.1.3 Julius Caesar Interaction 
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Table 8: 7.1.4 King Lear Interaction 
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Table 9: 7.1.5 Macbeth Interaction 
 
Table 10: 7.1.6 Merchant Interaction 
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Table 11:7.1.7 Much Ado About Nothing Interaction 
 
Table 12: 7.1.8 Othello Interaction 
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Table 13: 7.1.9 Romeo Juliet Interaction 
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Table 14: 7.1.10 Taming of the Shrew Interaction 
 
Table 15: 7.1.11 Tempest Interaction 
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Table 16: 7.1.12 Twelfth Night Interaction 
 
7.2 Mentioning 
Table 17: 7.2.1 As you Like it Mentioning 
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Table 18: 7.2.2 Hamlet Mentioning 
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Table 19: 7.2.3 Julius Caesar Mentioning 
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Table 20: 7.2.4 King Lear Mentioning 
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Table 21:7.2.5 Macbeth Mentioning 
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Table 22:7.2.6 Merchant Mentioning 
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Table 23:7.2.7 Much Ado about Nothing Mentioning 
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Table 24:7.2.8 Othello Mentioning 
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Table 25:7.2.9 Romeo Juliet Mentioning 
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Table 26:7.2.10 Taming of the Shrew Mentioning 
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Table 27:7.2.11 Tempest Mentioning 
 
Table 28:7.2.12 Twelfth Night Mentioning 
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7.3 Time Series Analysis: 
Following are more examples of Time series analysis 
 
7.3.1 As you like it 
 There are total 5 ACTs in the play with multiple number of SCENEs in each 
ACT. 
7.3.1.1 Interaction 
 The list of important characters considered for the time series analysis for the play 
As you like it– interaction edge list are 
1) ORLANDO 
2) ROSALIND 
3) CELIA 
4) OLIVER 
5) TOUCHSTONE 
6) JAQUES 
 The Cytoscape networks are created for each scene of the interaction edge list of 
As you like it after the actual edge list is mined to retrieve the edge list confined only to 
the important characters listed above. 
Note: Network analysis is done by mapping node size to Degree Centrality and Node 
Color to Betweenness Centrality. 
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Figure 11:7.1 As you like it Interaction - ACT I 
 
 
Figure 12:7.2 As you like it Interaction - ACT II 
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Figure 13: 7.3 As you like it Interaction - ACT III 
 
 
Figure 14: 7.4 As you like it Interaction - ACT IV 
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Figure 15:7.5 As you like it Interaction - ACT V 
 
 
7.3.1.2 Mentioning 
 The list of important characters considered for the time series analysis for the play 
as you like – Mentioning edge list are 
1) ORLANDO 
2) ROSALIND 
3) TOUCHSTONE 
4) OLIVER 
5) DUKESENIOR 
6) JAQUES 
Figure 16: 7.6 As you like it Mentioning - ACT I 
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Figure 17:7.7 As you like it Mentioning - ACT III 
 
 
Figure 18: 7.8 As you like it Mentioning - ACT IV 
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Figure 19: 7.9 As you like it Mentioning - ACT V 
 
7.3.2 Hamlet 
7.3.2.1 Mentioning 
 The list of important characters considered for the time series analysis for the play 
Hamlet – Mentioning edge list are 
1) KINGCLAUDIUS 
2) HAMLET 
3) HORATIO 
4) LAERTES 
5) BERNARDO 
6) OPHELIA 
7) QUEENGERTRUDE 
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Figure 20: 7.10 Hamlet Mentioning - ACT I 
 
Figure 21: 7.11 Hamlet Mentioning - ACT II 
 
Figure 22: 7.12 Hamlet Mentioning - ACT III 
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Figure 23:7.13 Hamlet Mentioning - ACT IV 
 
Figure 24:7.14 Hamlet Mentioning - ACT V 
 
Table 29: 7.15 Gephi Analysis 
Julius 
Caesar 
Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Brutus High High Low High High High High 
Cassius High Low Low High High High High 
Antony High High Low High High Low High 
Servant Low Low Low High Low Low Low 
Casca Low Low Low High Low Low Low 
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Caesar Low Low High High High High High 
King Lear Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Goneril High High Low High High Low High 
Glouceste
r 
High High High High High Low High 
Regan High High Low High Low Low High 
Kent High Low High High High Low High 
Edgar High Low High High Low Low Low 
King 
Lear 
High Low High High High High High 
Edmund High Low High High High Low High 
Macbeth Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Macbeth High High Low High High High High 
Lennox High High High High Low Low Low 
Banquo High Low High High Low Low Low 
Ross High High High High Low Low Low 
Lady 
Macbeth 
High Low High High Low Low Low 
Malcom High Low High High Low Low Low 
Macduff Low Low High High Low Low Low 
First 
Witch 
Low Low High High Low Low Low 
Merchant 
of Venice 
Interaction Mentioning 
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Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Portia High High Low High High High High 
Gratiano High High High High High High High 
Nerissa High Low High High Low Low Low 
Bassanio High High High High High High High 
Lorenzo High Low High High High High High 
Shylock Low High High High High High High 
Antonio High Low High High High High High 
Much Ado 
About 
Nothing 
Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Leonato High Low High High High High High 
Don 
Pedro 
High Low High High High High High 
Claudio High Low High High High High High 
Borachio High High High High Low Low Low 
Benedick High Low High High High High High 
Hero High Low High High High High High 
Beatrice High Low High High High High High 
Othello Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Iago High High High High High High High 
Othello High High High High High High High 
Desdemo High High High High High Low High 
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na 
Roderigo High Low High High Low Low Low 
Cassio High Low High High High High High 
Romeo 
Juliet 
Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Romeo High High High High High High High 
Capulet High High Low High High High High 
Lady 
Capulet 
High High Low High High Low High 
Benvolio High Low High High High High High 
Prince High Low High High High High High 
Nurse High Low High High High High High 
Taming of 
the Shrew 
Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Petruchio High Low High High High High High 
Katharin
a 
High High High High Low Low Low 
First 
Servant 
High High High High Low Low Low 
Grumio High Low High High High High High 
Tranio High Low High High High High High 
Baptista High Low High High High High High 
Hortenisi
o 
High Low High High High High High 
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Tempest Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Prospero High High High High High High High 
Ariel High High High High Low Low Low 
Sebastian High Low High High High Low High 
Antonio High Low High High Low Low High 
Alonso High Low High High High High High 
Stephano High Low High High High Low High 
Gonzalo High Low High High High Low High 
Twelfth 
Night 
Interaction Mentioning 
Characters Degre
e 
Betwee
nness 
Closenes
s 
Eigenvector In 
degree 
Out 
degree 
Page 
Rank 
Viola High High Low High High High High 
Sir Toby 
Belch 
High Low High High Low High High 
Sir 
Andrew 
High Low High High Low Low Low 
Clown High Low High High Low Low High 
Olivia High Low High High High High High 
Malvolio High Low High High High High High 
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